Sub-optimal medical care, either before or after intensive care unit (ICU) admission, is associated with adverse outcomes 1,2 . Intermediate-care or highdependency units (HDU) can provide care that lies between the ICU and general ward and have been developed in many hospitals to improve patient care, facilitate high-risk surgery, reduce workload in the ICU and to prevent ICU readmissions [3] [4] [5] [6] [7] .
Although providing an intermediate level of care to patients who are only moderately ill makes sense and is likely to be more cost-effective than providing ICU services for these patients 3, 6 , the optimal selection of patients 8 , the effectiveness [9] [10] [11] [12] and role of a HDU in relation to other healthcare services, such as a rapid response team (e.g. medical emergency team) and critical care outreach team [13] [14] [15] , remains uncertain and controversial. Furthermore, evidence also suggests that some standard intermediatecare therapies such as non-invasive ventilation may not be useful for many patients with respiratory failure, including those with acute hypoxaemic respiratory failure 16 , and delaying definitive ICU therapy may increase mortality and morbidity 17 .
We hypothesised that high-dependency patients requiring subsequent ICU admission may be predictable from their characteristics on admission to the HDU and a delay in admitting these patients directly to the ICU may be associated with a worse outcome.
METHOD
The eight-bed HDU at Royal Perth Hospital is under the management of the ICU team and is covered by a resident medical officer 24 hours a day with supervision by ICU consultants during the day and in-house ICU senior registrars at night. The ICU team determines the requirement for HDU admission on the basis of the patient's clinical Risk factors and outcomes of high-dependency patients requiring intensive care unit admission: a nested case-control study A. GOUlD*, K. M. HO †, G. DOBB ‡ Department of Intensive Care Medicine, Royal Perth Hospital, Perth, Western Australia, Australia
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condition and their needs for close monitoring and an intermediate-level of therapy. There is no strict admission policy or criteria for the HDU in this hospital. The HDU is physically separated from the ICU but co-located adjacent to the ICU on the same floor. The HDU provides non-invasive ventilation, invasive haemodynamic monitoring and inotrope infusion for high-risk medical and surgical patients. The HDU does not provide renal replacement therapy or intracranial pressure monitoring, and the standard nurse to patient ratio is 1:2.
After obtaining hospital ethics approval, the clinical data of all HDU patients requiring ICU admission during their stay in HDU ('cases') between 1 January and 31 December 2006 were identified and retrieved. Patients who were admitted to the HDU before each of the 'cases' but who did not require subsequent ICU admission during their HDU stay were selected as 'controls'. If there were two consecutive patients admitted to the HDU requiring ICU admission, the patient admitted to HDU before and also the patient admitted to HDU after the two consecutive patients were selected as 'controls'. A matched case-control design was not used in this study because when matching is done, the association between the matching variables and the outcome cannot be assessed. The risk factors for requiring ICU admission assessed included age, gender, severe comorbidity as defined by the Acute Physiology and Chronic Health Evaluation II score 18 , acute kidney injury, non-invasive ventilation, inotrope or vasopressor, source of admission (elective surgery, emergency surgery, emergency department, general ward, ICU, other hospital), time of admission (0800 to 1800, 1800 to 2400 and 2400 to 0800 hours) and whether the HDU admission occurred on a weekend. In this study, acute kidney injury on admission was defined by serum creatinine concentrations higher than twice the upper limit of the normal serum creatinine concentrations (>180 umol.l -1 ) in patients who had no pre-existing renal impairment 19 .
The outcomes of the high-dependency patients requiring subsequent ICU admission were then compared to emergency ICU admissions from other areas. The outcomes assessed included hospital mortality and length of ICU and hospital stay. In assessing the potential adverse effect of HDU admission on mortality we used the patient's age and both the Acute Physiology and Chronic Health Evaluation (APACHE) II predicted mortality and admission and maximum Sequential Organ Failure Assessment (admission and max assessment, respectively) scores for risk adjustment 20 . The APACHE II score was assessed using the worst physiological measurements recorded within the first 24-hours of ICU admission 18 .
Categorical variables and continuous variables with a skewed distribution were analysed by chisquare and Mann-Whitney U-test respectively. Multivariate logistic regression was used to identify the risk factors for ICU admission and whether emergency admission to ICU through HDU was independently associated with an increased risk of mortality. In the latter analysis, six patients who were admitted from the HDU to ICU because they mandated ICU admission after an elective surgical procedure were excluded. In addition to logistic regression analysis, Kaplan-Meier survival analysis with a log-rank test was also used to assess whether the crude mortality rates of HDU patients requiring ICU admission were different from other emergency ICU admissions without adjusting for other covariates.
Sensitivity analyses of comparing between emergency ICU admissions from HDU and general ward only or between HDU and emergency department only, and comparing outcomes of patients who stayed in HDU for >24 hours and 24 hours before ICU admission were performed. All statistical tests were two-tailed and performed by SPSS (version 13.0, 2003, Il, USA). A P value <0.05 was regarded as significant.
RESUlTS
Among a total of 1145 patients admitted to the HDU in 2006, 77 patients required subsequent ICU admission during their HDU stay ('cases') (6.7%, (Figure 1) . No patient was lost to follow-up before hospital discharge. The median length of stay in the HDU before ICU admission was 17 hours (interquartile range 5 to 49). Univariate analyses showed that the highdependency patients requiring ICU admission were more likely to be admitted from the emergency department or general ward, require non-invasive ventilation or inotropes and have an APACHE II comorbidity or renal impairment on admission to the HDU than the controls ( Table 1 ). The time of admission and whether the admission occurred on a weekend were not significantly related to the risk of subsequent ICU admission.
In the multivariate analysis, only organ failure in three concurrent body systems (i.e. requiring noninvasive ventilation, inotrope infusion and acute kidney injury) and admission from the emergency department or general ward were independently associated with an increased risk of ICU admission ( Table 2 ).
The high-dependency patients requiring ICU admission were older and had a higher severity of acute illness and longer duration of ICU and hospital stay when compared to other emergency ICU admissions (Table 3 ). Both Kaplan-Meier survival analysis and multivariate logistic regression analysis showed that the hospital mortality of the high-dependency patients requiring ICU admission were not significantly different from emergency ICU admissions from the other areas ( Figure 2 and Table  4 ).
Restricting the analysis to comparing between admissions from the HDU and general ward only (odds ratio [OR] 0.88, 95% CI 0.38 to 2.02, 
DISCUSSION
Our results showed that high-dependency patients admitted from the general ward or emergency department and those with multi-organ failure were at risk of requiring subsequent ICU admission. The hospital mortality rates of high-dependency patients requiring subsequent ICU admission, both adjusted and unadjusted, were not significantly different from other emergency ICU admissions.
Intermediate-care or high-dependency units have been developed to improve patient care, facilitate high-risk surgery and reduce ICU workload and readmission [3] [4] [5] [6] [7] . Our results confirmed that an HDU could offer intermediate-care to many hospitalised patients who require close monitoring and an intermediate level of life support; only a small proportion of such patients would deteriorate and require subsequent ICU admission. The incidence of our HDU patients requiring ICU admission (6.7%) was consistent with other reports (4 to 7.8%) 7, 12 .
Our results showed that admissions from the emergency department or general ward and those with multi-organ failure were at risk of requiring subsequent ICU therapy. There are two possible reasons for these results. First, patients admitted from the emergency department or general ward may not have been fully stabilised and the underlying pathological process of their disease may not have been rectified compared to patients admitted from the operating theatre, ICU or other hospitals. As such, further deterioration requiring an escalation of treatment, including the need for ICU care, is more likely to occur. Second, evidence suggests that some intermediate-care therapies such as noninvasive ventilation are not necessarily beneficial to patients with multi-organ failure 16 . In fact, most clinical studies on the use of non-invasive ventilation have excluded patients with multi-organ failure.
Our results suggest that HDU would not be suitable for patients with organ failure in more than two concurrent body systems, especially if the underlying pathological process of their disease has not been fully stabilised or rectified. The number of organ failures and support needed may be easier to use in determining HDU or ICU admission than more complicated scoring systems 6, 21 .
Evidence suggests that inappropriate triage decisions in the emergency department delaying ICU admission could increase mortality of hospitalised patients 17 . Our results showed that both adjusted and unadjusted mortality rates of HDU patients requiring ICU admission were not significantly different from other emergency ICU admissions. These results were reassuring, albeit still limited, that an apparent 'inappropriate' triage decision leading to HDU admission, instead of ICU admission, did not appear to have an adverse mortality effect on critically ill patients. A similar finding was also observed in another study 22 . Our HDU is located very close to the ICU and the ICU team also covers the patients in HDU both during the day and at night. As such, it is possible that a slight delay in admitting critically ill patients to the ICU may not be associated with an adverse mortality effect if they are managed in a HDU by a dedicated ICU team and promptly transferred to the ICU when indicated.
This study has some limitations. First, this study was a single centre study limiting its generalisability. Second, the results of the case-control component of the study were imprecise because of the small number of 'cases' and 'controls' (Table 2) . Furthermore, the incidence of high-dependency patients requiring ICU admission was also low, reducing the precision of the results and power of the study. As such, we cannot exclude the possibility of a type II error in concluding that a slight delay in ICU admission through an admission to an HDU was not associated with a worse mortality outcome. We also do not have detailed physiological data of our high-dependency patients on admission to the HDU. As such, precise risk adjustment by an established risk score such as APACHE II score between the cases and controls was not possible. Finally, we have only assessed the potential effects of HDU admission on hospital mortality. Whether an inappropriate HDU admission may have an effect on survival and functional recovery of critically ill patients after their hospital discharge remains uncertain, but this merits further investigation.
In summary, high-dependency patients requiring ICU admission were uncommon unless they had multi-organ failure and their hospital mortality was not significantly different from other emergency ICU admissions. These results may assist clinicians who plan to develop policies or criteria for admission to intermediate-care or high-dependency units.
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